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Abstract Excellent deep drawability and strain aging rsistance are obtained by the addition of alloying
elements such as Ti and Nb which can form carbide and nitride easily into Al killed extra low carbon
steel. Recrystallization textures and mechanical properties of the three different extra low carbon steels
with B containing Nb only, Ti only, and both Nb and Ti, respectively, along with have been compared.
Inverse pole figure shows that (100) and (111) texture intensities of Nb containing steel changed a lot
during the annealing treatment and the degree of texture-structural change in the steel containing both
Nb and Ti 1s about the same as that in the Ti-containing steel. After annealing the pole figure shows
that the {111} <110> and {112} <110> textures are the strongest in the cold rolled state and the an-
nealed state, respectively. However, there is little difference in texture structure among the three kinds
of steels. There is a tendency that the steel containing both Nb and Ti the grain size of which is the
smallest is the highest in hardness. Nb-containing steel is the next and Ti-containing steel is the last in

hardness.
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Table 1. Chemical Composition of Steels (wt%)
Steel | C Si | Mn P | S N | W B
NT 0.003 0.01 0.128 0.007 0.002 0.004 0.008 0.0008
N 0.003 | 0.01 0.134 | 0.008 | 0.005 0.0114 - 0.0008
T L’-O% 0.01 0.171 | 0.007 | 0.003 - 0.011 | 0.0008
g3 F Fdste A2 A g 73tx F7mvle waE zAsdv
gyt B¢ AHE d& A2 A 245 E Rigakurlel ME200E], SH 2
2243 NAAERE 24T AAA A ME200DL& A}&3le] Aot Eg A2EE
3 AHE XAHHEE olgste dgdxEe Abe] RAAA 7| & AR ste] oA HEA o
2 gdvdol BT W HAFAFE 3 3 gEA, J4g 9 AATEE Ao,
Homr, SchulzdtAby & ol &3te] (110)5 3 HAXALAE AMRSY g ZFsach
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3. NHHT U T off vhgkeh (222)W 7 flOO)?j;ﬂ] &k (200)
W3 (400) W dis JREAHAAS(TC. :
Table 2= Y2rdtdd NTZH, N7, T7%Z 2 Texture Coefficient) &3} (200)H ] 3=z
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2 (P o3t Aard JAFEAAS Foll A TivkE H7kgk T tid vgho] 7}
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I(hk1) 7ol w Hlgtol A Wk e ol g
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T7, 13]_‘17_ NT7Ze] o8 olz),
A7 11 Ade) (hkl}Rol tig 24AED  T23 NTZe Aol ojdaxese o
% (measured integrated intensity) 2 T.C.(222)/T.C.(200)¥] gto] z+z} 1.154)
L REEoAde (ko] W@ 9 117wz 2aue] FrhehA sred wal,
SAYEG® N7l ZAfde oldyxe el uegt TC.
Table 3 Table 22] dataE FolA %39 (222)/T.C.(200) 8] gkol 2.9wj v} Z=7}sl o).
484 BAeel St BAYE Q1D rA@REy Y WA F (1) i
Table 2. Relative X-ray peak intensities of various crystallograpic orientations for NT, and T steels.
Relative Intensity (I,/1,)*
NO hk1 NT N T NT N T
(cold rolled) | (cold rolied) | (cold rolled) | (annealed) (annealed) (annealed)
1 110 0.24 0.24 0.19 0.51 0.71 0.48
2 200 0.85 0.96 0.62 0.48 0.34 0.51
3 211 1.14 1 1.07 0.6 0.66 0.65
4 220 0.3 0.25 0.15 0.79 1.02 0.41
5 310 0.12 0.15 0.07 0.29 0.08 0.28
6 222 5.41 3.88 4.84 3.5 3.96 0.65
7 321 0.35 0.24 0.34 0.5 0.43 0.43
8 400 0.84 1.13 0.41 0.28 0.2 0.28
9 411 0.57 0.6 0.51 0.55 0.51 0.38
10 420 i 0.12 | -0.13 —0.09 | -0.07 0.27 0.13
%[, . X-ray peak intensity of unknown sample
I : X-ray peak intensity of standard sample
Table 3. Texture Coefficients for NT, N, and T steels.
Steels T.C.*(222) T.C.(200) T.C.(400) T.C.(222)/T.C.(200)
NT 5.41 0.85 0.84 6.36
cold
rolled N 3.88 0.96 1.13 4.04
T 4.84 0.62 041 7.81
NT 3.50 0.48 0.28 7.29
Annealed N 3.98 0.34 0.20 11.71
T 4.65 0.53 0.28 9.12

T.C.* (Texture Coefficient) = (Iuknown/ Isiandard)
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Fig. 1. (110) Pole figure for cold rolled NT, N, and
T steels.
(a) NT steel

(b) N steel (c) T steel
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Fig. 2. (110) Pole figures for annealed NT, N, and
T steels.

(a) NT steel (b) N steel (c) T steel
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Table 4. Yield strength, elongation, ultimate tensile
strength, and hardnesses of NT, N, and T steels.

NTZ | N3 [ TZ

YS(MP) 197.6 189.3 205.8
El(%) 24.0 34.9 38.8
UTS(MP) 262.5 255.4 271.5
Hardness(kg/mm?) 92.6 92.4 92.2
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